Histologic examination of 115 surgical specimens of gastric cancer irradiated preoperatively in a total tumor dose of 600-4,000 R of 60Co revealed that various radiation-induced changes were essentially the slime as documented on uterine and breast cancers. The histologies were classified into Grades 0 to III according to the severity and extent of radiation damage, of which Grades II and III were judged to endorse effective irradiation. Such effective changes were identified in 72% of primary tumors of the 115 cases, and the rate of effectiveness increased as the total tumor dose increased (28% for less than 2,000 R, 74% for 2,000 R and 88% for more than 2,000 R). The effect varied with the histologic type of carcinoma, well differentiated adenocarcinomas being least radiosensitive. Irradiation induced also a favorable connective tissue reaction, especially at the advancing front of the tumor in the gastric serosal coat. Lymph node metastases generally had less radiation sensitivity than the primary tumor. Considering also untoward effects of irradiation, which were often manifest at higher doses, a total tumor dose of 2,000 R was proposed as the level of clinical choice for preoperative ir radiation of gastric cancer.
This paper is concerned with preoperative irradiation of gastric cancer which in Japan has accumulated increasing attention of surgeons and radiologists since the pioneer works of Nakayama and his associates.2,3 We have also adopted this method since 1963. In the first two years of our experience we placed the target of total tumor dose at 2,000 R (roentgens) of 60Co emission. This dose had proved to cause histologic effect of considerable degree and to reduce intraoperative exfoliation of cancer cells. 4, 5 At this dose, however, there were a number of untoward effects including an increase of intraoperative bleeding and an increased incidence of postoperative complications. Consequently, we later reduced the target dose to 2,000 R, and the difficulties were remarkably relieved. The present study was undertaken to examine histologically whether this dose met our re quirement to preoperative irradiation. Method of histologic examination. Multiple sections were made from various portions of the primary tumor as well as from regional lymph nodes . Hematoxylin-eosin, elasticaMasson, and Alcian blue-periodic acid Schiff stains were used for preparing microscopic slides. RESULTS 
MATERIALS AND METHODS

Materials
1) Histologic features of irradiated tumors
In this section, characteristic features found in histologic slides of irradiated tumors are described and classified. Their incidence , distribution and relation to various factors will be described in the following sections .
Changes of cancer cells and cell nests. The changes of cancer cells and their nests found in the 115 irradiated gastric cancer specimens were all essentially the same as those described on irradiated carcinomas of the uterus , breast and other organs. Among the changes found in individual cancer cells , uniform swelling of cytoplasm and nuclei with accentuated nucleoli but no notable changes in . staining qualities of the cytoplasm (Fig . 1 ) was thought to represent the initial phase of radiation reaction. The following changes were noted in cancer cells as radiation effect pro gressed: more remarkable swelling of the cells; pale basophilic cytoplasm and enlarged vesicular nuclei or multiple nuclei (Fig . 2) ; deeply eosinophilic, vacuolated cytoplasm with large hyperchromatic , often bizarre nuclei (Fig. 3) ; irregular, poorly defined or even indistinguishable boundaries of cytoplasm and nuclei (Fig .  4) ; and almost complete destruction of the cellular structure to leave basophilic nuclear smudges only (Fig . 5) .
The histologic pattern of the tumor tissue also showed various irregularities in parallel with the above-mentioned changes of individual cancer cells. Tumor nests consisting of markedly damaged cells often exhibited moth-eaten or lace-like appearance (Fig. 6 ) as a result of individual cell-lysis. In the case of adenocar cinoma, cancer cells became flat and the nuclear stratification was lost with a tendency toward a single layer of nuclei aligned along the basement membrane, the glandular structure thus becoming very simplified (Fig. 7) . Quantitatively the sheets of tumor cells were smaller than usual and separated by connective tissue. In severely damaged portions a varying number of cancer cells had disappeared and were substituted by granulation tissue with round cell infiltration of various degrees (Fig. 8 ) which in some instances contained giant cells of foreign body type (Fig. 9) .
Some of the radiation damaged cancer cells are destined to disappear, while others can recover from the damage and reproliferate.
Although morphological distinction between viable and non-viable cells is a matter of dispute, the follow ing changes were regarded by Warren et al. . As a matter of fact a tumor was usually not uniformly damaged but showed a mosaic of areas of different X grades. In this study, therefore, the histologic change of an entire tumor was graded into the following four categories according to proportions of X1-X3 damages occupying the tumor.
Grade 0: Practically no radiation changes. Grade I: X1 damage in most portions with minor areas of X2. In this grade, most cancer cells were judged to be still viable. Grade II: Overwhelming X2 damage partially associated with X1 and/or X3. On most occasions of this grade, irregularity or destruction of the tumor pattern such as shown in Figs. 6 and 7 was observed. Both probably viable and non-viable cancer cells were present in this grade with a little superiority of the former.
Grade III: X3 damage in most portions with scattered minor areas of X2 or X1. In this grade irregularity or destruction of the tumor pattern was more remarkable and often accompanied by stromal reactions, as shown in Figs. 8 and 9. Most of the cancer cells were probably non-viable in this grade.
Connective tissue reaction, in the serosal tumor surface. As shortly referred to above, the stromal connective tissue also underwent qualitative and quantitative changes when the tumor was irradiated. In this study the grade of cancer cell proliferation as well as the behavior of stromal connective tissue in the outer most or the carcinoma invaded serosal zone of the tumor was subjected to special histologic investigation because of their probable prognostic significance . Mild proliferation of stromal connective tissue, rich in cellular elements and occasionally associated with round cell infiltration ( Fig. 10) , was designated as (+). More remarkable proliferation, forming thick layers of dense fibrous tissue often with collagenous or hyaline degeneration (Figs. 11 and 12) was graded into (_??_) and (_??_). Poor development of stromal connective tissue that was occasionally, encountered in non-irradiated cases was classified as (-). The state of the serosal tumor surface in relation to the stromal connective tissue was classified into nonexposed and exposed types. The 'non-exposed' type was a condition in which cancer nests in the serosal tumor surface were sheltered by connective tissue , so that their bare surfaces were not exposed to the peritoneal cavity , while in the 'exposed' type cancer nests faced bare to the peritoneal cavity .8
2) Radiation reaction, of primary tumors
Grade of radiation reaction. Table 1 shows the histologic grades of radiation reaction, as determined by the above-mentioned criteria , in the primary tumors of the 115 examined cases. One hundred and nine cases or 95 per cent exhibited histologically perceptible radiation changes , of which 82 (72 per cent of total) were markedly damaged ones belonging to Grade II or III . Frequency of mitosis. As another measure of radiation effect of the popula tion of cancer cells with mitosis was evaluated . In this study were also included 22 non-irradiated specimens for comparison . As shown in Table 2 , the number of mitotic cells was significantly less in irradiated tumors than in non -irradiated ones. In the Grade II Or III cases , in particular, not only the incidence of mitosis was strikingly low b0ut also observed mitoses were abnormal ones in most in stances. These findings, together with the afore-mentioned characteristic histologic features, may allow the conclusion that Grades II and III express clinical effectiveness of irradiation , Dose-effect relation. In Table 3 the histologic grade of radiation reaction was correlated with the total tumor dose given preoperatively. In the cases irradiated 2,000 R or more, the majorities (74 per cent and 88 per cent, respectively) underwent radiation reaction of Grade II or III, while only 28 per cent of the cases irradiated less than 2,000 R showed such effective changes. This dose-effect relationship apparently suggests that 2,000 R is the minimum effective level for preoperative irradiation of gastric cancer.
Relation to histologic type of carcinoma. In the 101 cases irradiated at least 2,000 R, the histologic type of tumor was carcinoma adenomatosum in 75, carcinoma solidum in 23, carcinoma epidermoides in one, and unclassified in the remaining two because of extreme radiation damage. Table 4 compares the grade of radiation reaction between the first two groups. It is seen that carcinoma adenomatosum was somewhat less sensitive to irradiation than carcinoma solidum. The relative insensitivity of the former type was particularly manifest at the dose of 2,000 R. It was further revealed that among subtypes of carcinoma adenomatosum, well differ entiated papillary adenocarcinomas as mucoid carcinomas were the varieties of especially low radiosensitivity. In the irradiated cases, both the incidence of the non-exposed type and the grade of connective tissue proliferation were significantly higher than in the non-irradiated cases.
In Table 6 , the. relation is shown between the radiation damage of tumor tissue and the state of tumor surface in the above-mentioned 90 cases. The incidence of the non-exposed type tended to become higher as the tumor tissue was damaged more severely. At the same time it is noteworthy that even in the cases showing little or no radiation damage of the tumor parenchyma , the non-exposed type was found at a higher incidence than in non-irradiated cases (cf. Table 5 ) . Of the 13 non-exposed cases of Grade 0 or I radiation reaction of tumor tissue , 10 showed remarkable connective tissue proliferation of (_??_) or (_??_). 
3) Radiation reaction of lymph node metastases
The materials of examination were metastatic lesions in lymph nodes of the superior, inferior, subpyloric, hepatic, celiac and splenic groups dissected from the gastric specimens (cf. Table 7 ). A total of 930 lymph nodes were examined histologically, of which 319 (34 per cent) had metastasis. The criteria for histologic evaluation of radiation reaction were the same as those in the case of the primary tumor.
Grade of radiation reaction. Table 7 shows frequency distribution of the histologic grades of radiation damage for metastatic lymph nodes of each group. The incidence of cases of Grade II or III with histologic evidence of effective irradiation was a little lower in the celiac and superior nodes (50 per cent and 53 per cent, respectively) than in lymph nodes of the other groups (58-85 per cent). TABLE 7 . Grade of histologic effect of irradiation in metastatic lymph nodes Dose-effect relation. As shown in Table 8 the effective cases increased in frequency with increase of the dose, but the incidence of cases of Grade II or III at each dose level was less than the comparable ratio in the case of primary tumors (cf. Table 8 ).
Relation to radiation reaction of primary tumor. Table 9 correlates the radia tion reaction of lymph node metastases with that of the corresponding primary tumor. Although radiation reaction of metastatic nodes tended to vary in parallel with that of the primary tumor, there were some deviations from the parallelism. Even in the cases in which the primary tumor did not respond to irradiation, more than a half of the metastatic nodes showed a perceptible radiation reaction. On the other hand, in the cases in which the primary tumors responded to irradiation with perceptible histologic changes (Grade I, II or III), a considerable proportion of lymph node metastases the nodes showed less pronounced response than the corresponding primary tumors.
DISCUSSION
In histologic evaluation of preoperative irradiation we face two basic problems. These are; (1) what should be the goal of preoperative irradiation, and (2) what morphological changes indicate the goal. As regards the first problem there are two different ideas: perfect and imperfect irradiation. 'Perfect irradiation' implies an intention to destroy cancer cells as intensively as possible before operation, a stress being laid on irradiation rather than on surgical operation. In 'imperfect irradiation', on the contrary, irradiation is regarded as the subsidiary part of combined therapy, where the irradiation aims only at reduction of viability of cancer cells and reduction of the risk of intraoperative cancer dissemination.
As far as gastric cancer is concerned, we believe, like most of other authors,2,9,10 that the imperfect irradiation is the method of choice, since gastric cancer is relatively radio-insensitive and the topographical situation of the stomach is unfavorable to irradiation. The cases of the present study were all treated with the intention of imperfect irradiation, and such a situation was taken into consideration in the histologic evaluation.
The relation between the biological activity and morphological aspect of cancer cells, which opens the second problem, is still in hot dispute, but detailed discussion on this subject is beyond the scope of this paper. Nevertheless, the changes of Grades II and III in the author's definition are thought to reflect largely impaired viability of cancer cells. Because most cancer cells were regarded as non-viable in these cases according to the criteria of Warren et al.,6 and mitosis was not only unusually low in incidence but also abnormal in type. Thus, these grades of histologic changes may reasonably be regarded as the evidence of radiation effect even in imperfect irradiation. The rate of effectiveness of irradiation in this sense was 72 per cent in this series. This rate is satisfactory since irradiation in our cases is followed by a more exhaustive treatment of surgical operation.
Among probable determinants of the effect of irradiation, the total tumor dose and radiosensitivity of tumor are known to be the most significant ones. As regards the dose-effect relation it was confirmed that the effect of irradiation increased with an increase of the total tumor dose, but the difference between the result with 2,000 R, the standard level to which we presently adhere, and that with more than 2,000 R was not large enough to justify intensive irradiation. As regards the radiosensitivity of tumor, this study revealed relative insensitivity of carcinoma adenomatosum especially its well differentiated subtypes, compared with carcinoma solidum. The result is in agreement with the general concept that differentiated cancer is less radiosensitive than anaplastic cancer. In fact, the result of irradiation of adenocarcinomas at 2,000 R was rather pessimistic. This point remains one of the most challenging problems in preoperative irradiation of gastric cancer, since adenocarcinoma is the commonest type of gastric cancer.
In histologic evaluation of preoperative irradiation of gastric cancer, attention should also be paid to the reaction of stromal connective tissue besides that of tumor cells. This is particularly true in the cases of serosal invasion of carcinoma. Although serosal involvement is generally an indication of unfavorable outcome,11 its prognostic significance is greatly influenced by the pattern and extent of con nective tissue proliferation. For instance, it has been shown by Maki et al.8 that in the 'non-exposed' type of serosal cancer invasion the possibility of intra operative exfoliation of cancer cells is less and thus a more favorable postoperative result is expected than in the 'exposed' type. The present study revealed that irradiation enhanced proliferation of stromal connective tissue in the cancer in f iltrated serosal zone. The finding that the incidence of the non-exposed type WAS considerably higher in irradiated cases than in non-irradiated ones apparently implies that in same of the former cases the tumor surface had been modified by irradiation from exposed to non-exposed. This agrees with the previous cytologic observation at our laboratory that exfoliation of cancer cells into the peritoneal The connective tissue is rich in cellular elements. 
